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(54) SEMICONDUCTOR LASER ELEMENT AND OPTICAL INTEGRATED DEVICE 

($7}Abst?act 

PROBLEM TO BE SOLVED: To provide a semiconductor laser element 
emitting the light of a single peaked waveguide mode. 

r- Lsctoi laser element 50 has the same 

constitution as a conventional GaN semiconductor laser element 10, 
except that, the end faces of a sapphire substrate 12, a GaN lateral 
direction growing layer 14 and an n-type GaN contact layer 18 on an 
emitting end face side are not covered with an opaque film 52 formed of 
a material opaque to the oscillation wavelength of the GaN 
semiconductor laser element 50. The sapphire substrate 12, the GaN 
lateral direction growing layer 14 and the n~type GaN contact layer 18 
have refractive indexes larger than the effective refractive index of light 
at the waveguide mode, and are transparent to the light of the oscillation 
wavelength Com t> the end face of the emitting end face side Is 
covered by the opaque film 52 for shielding the light of a substrate 
radiation mode. An optical waveguide upper than an n~type AIGsM clad 
layer 20 is not covered with the opaque film 52. 



* NOTICES * 

s Die for any 
damages caused by the uss of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1 j.A semiconductor laser element, wherein the end face of a laminated structure by the side or an 
emitting end surface is covered by an opaque film which does. not penetrate light of an oscillation wavelength of 
a semiconductor laser element in a semiconductor laser element which has on a substrate optical waveguide 
structure and a laminated structure of a compound semiconductor layer provided under optical waveguide 
structure. 

[Claim 2jThe semiconductor laser element according to claim 1, wherein a board edge side by the side of an 
emitting end surface Is covered by said opaque film, 

G - elemen /herein a ooard ed & - le * me s de of an tt s a -Lace Is 

covered by an opaque film which does not penetrate light of an oscillation wavelength of a semiconductor laser 
ems i s lament wl has optical waveguid uet e o s s 
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pound semk la o 1 - to rv e n 
[Claim 4]A. semiconductor iaser element give--! in any 1 paragraph of the claims ; -3. wherein said eosoue tfim js 
formed by an ooticai absorption nature dielectric film which absorbs light In which a semiconductor laser element 
emits light, or optical absorption nature semiconductor membrane, 

[Claim 5jA semiconductor laser element given in anv ' paragraph of the claims '"3. wherein said opapue film is 

formed with a sight reflection him which reflects light In wh'ch a semiconductor laser element emits ight. 

[Claim 6jAn optical Integrated device which is provided with the following and characterised by a board edge side 

Dv * « v. u " -5 5 1 a ? t d a * ^ ' ^ " t 

A < , - ^ „xw * > e r <- rpt oa vm.trume r u > w- a a^Psu.m c ^ ^jrg 3 

compound semiconductor layer Intervene. 

An optic which has at lassl; a light shielding him which Intercepts light in a part of outside, 

[Claim 7]An optical integrated device which is provided with the following and characterized by the and face of s 
laminated structure by the side of an emitting end surface, or the end face and a board edge side of a laminated 
tt cture - a 

God, u v : ' :mv 

A semiconductor laser ala-rmrg which has - a substrate a laminated structure of a compound semiconductor 
layer provided under optical waveguide structure, 

h> Optic v* m which ihterc j - f o <tssde 



[ 1 ranslation dona J 
* NOTICES * 

«iP0 and \Wil are Mt responsible for any 
damages caused by ths use of this translation. 

t.This d^oMment has been translated by computer. So the transiatk * - - < *e- se»y 

2.**** shows the word which can not be translated. 
1 the c w> -jslated. 

v ret^ \ r - Ck „ ^ 
[0001] 

[Field of the Irnwntloruhiore particularly, this invention relates to the semiconductor laser element which shows 

a monophaslo far field patters about a semiconductor laser element 

[0002] 

Rescript t s x % mdocto; sser ela-rw s sted 

structure of a GaN system compound semiconductor layer on silicon on sapphire or a Gaol board attracts 
attention as a light emitting device which emits light in the light of a short wavelength region which results green 
from an ultraviolet region. 

[OG03JH* empew e conventional serolco tor laser element > - * 

drawing 4. a ? a sectional view snowing the composition of the conventional GaN system semiconductor 
, 4 > - o N s -j s QaN 

an v iirect c phase 16 on the convex GaN seed crysie sectk 
sapphire 1 2 of c side. The n type GaN contact layer 1 8, the n type A GaN clad lay* - 

22 that consists of n typo; GaN, the InGaN active layer 24, the deterioration prevention lave- 26 of p type AIGaN 

iich prs - y<er 24, the 2nd light guide er 28 that fcyp InGaN, It 

has the laminated structure which laminated the p type AiGaM clad layer 30 and the p type GaN contact layer 32 
one by one The Ht light guide layer 22. 2nd light guide layer 28, and deterioration prevention layer 26 may not 
be provided. 

!0004]!he upper levels and the p type contact layer 32 of the p type clad layer 30 era formed in one way as a 
Hdge stripe part prolonged in the shape of a ndge stripe. T 3 lowe oyer part of the -me m'w type 



contact layer 18. the n type clad layer 20, the 1st light guide layer 22, the active layer £4, the deterioration 
prevention layer 26, the 2nd light guide layer 28, and the p type clad layer 30 is formed as a mesa part which 
extends In the same direction as a ridge strips part 

j30Qo~"*t. \ c + * r v S ^ - - . s*~ sides e~ a -*~e — pa za^ -> mesa oart 3 ss „c 

COVe?ea v*m o * a 4 whi film exo ? he op n \ -° 34t i 

in the upper surface of a ridge stripe part, and the partial area of the n type contact layer ;8, respectively. On 
the p type contact layer 32, the p lateral electrode 38 of a multilevel-metal film like nickel/Au electrode is 
formed ss an ohmlc junction electrode via the opening 34a, On the n type contact lever 18, the n lateral 

em -metal film like Ti/A i as ~ - a the 

opening 34b. 

}0 N r conductor ia&er osrv t 8S 

with silicon on sapphire and has a laminated structure of the lower layer part of the p typo clad layer 30 from 
the n type clad layer 20 to the 2nd light guide layer 28, and the upper levels of the p type clad layer 30 and the 
ridge stripe part of the p typo contact layer 32 directly .on the n type < N \ >a? M " ie - atera eie trade 44 Is 
formed in the rear face of the o type GaN board 42 using the conductivity of a GaN hoard. 

[QQ0~ * , \ " *■ < ' r l f 

Reduction of actuating current :s attained by forming the upper levels and the 5 type m set er 32 the p 
type clad laye 3( ss a ridge s pe par md rest ting the size F the cu t i. the an .mment. arm 

t v r < y affective ^eractve moex dirfere see of th ► 

stripe part, 
[0008] 

Pro hi n the way, the tar 

layer) of the laser beam emitted by 30.0 mW of optical power from the cc mx - 1 ; etc mer 

elements 10 and 40 mentioned above. As shown in drawing 8 (a s wsh- c«rve , a- f - . 

s-p- to substrate radiatso" mode def a- m > a 

far field pattern (refer to drawing 8 Cc); m single Mine corresponding to guided mode, and Is observed. A. curve 
,2,' is a t m N c uesd pattern. 

fa ev - mm ti >smicon lector laser element which shows such a far field pattern is used as the light 
ironic memory system _ ode cannot b 

cend I so -»at the guided mode of what has required condensing a laser beam to a 

d actio? •! idense to a diffraction limit That is, the light of substrate radiation mode 

m;u ; - v , ^ * <■ r ^rs© effect which It is not o ■■,< 

v < < y optica memory,, read-out, etc., but is referr-m to as man • > m ol an 

optoelectronic memory system, read-out etc. produce an error conversely. 

,V~* » h v N J v - mode is remoyed in this way, and the GaN system 

semiconductor laser element which scows the single Mine far field pattern which; consists only of light of guided 
-* < <■ , - s -ystem semiconductor laser element was made into ths example and the 

problem was exp air i by the above explanation this problem corresponds to a semiconductor laser element not 
^-"i =! Ga\ m ^ cm a , - 

} 1 1 Jlht o provide the semloond aser e ie lig 

nonophas 
[0012] 

[Means for Solving the ProbiemjHsrs, with reference to o. v> a ^ o 

semieomt - m e i " vn - 7 , > r rstansitv 

distributes f gi I d mme f a semiconducts aser eler ent e a section oi ne drawing'' snd 5 section 

of line II— II of drawing 5. As shown In drawing 7. a maximum peak of light intensity m located in the active layer 
24, and is decreased within the p type clad layer 30 and the n type clad layer 20, Although distribution of light of 
gilded mod ibstrata side furthar from the n type c - * oi 

energy of guided mode is in a range from the n type clad layer 30 to the n type clad layer 20, and the physical 
thickness is 3 micrometers - at most 3 micrometers. 

[00 3jc w ga _ at % conditions of i£ to substrata stic rsode are th nats 3 ~ 

adjoins the substrate side Further is more transparent to a luminous wavelength of a semiconductor laser 
elan ent than to the :i type clad layer 20, and that an effective index o ght of guided ade sm a tha 5 ? 

> me m v 4 ayer^ In tne GaN syste n sem conauctor a ^ < * ~ *■ G \ 

transverse direotbn growth phase 18 and the n type contact layer 18, and also th© silicon on sapphire 2 and is 
shown in drawing 5 by the GaN syste n semiconduotor laser e ement 13 iiidlcated s m etc - -e materia ayer 8 
which adjoins a substrate to drawing 4, it is ths GaN board 42. In lamination of ths conventional semiconductor 



laser elements 10 and 40 mentioned above, since a generating condition of such substrate radiation mode is 
am ru„, g t m .xee:: .As v.. c o ~^ee eccu s 

[G014]Light of substrate radiation mods is generated by combination with light of guided mode, as shown in 

re mater allayer B js tne angis * ~-t_ 1 ! ~c - ~ n r* * 
part at the angle thets 2 to propagation (parallel to a substrate) of light of guided mode from the light-emitting 

c C vv. J- *■<) ase a z" ^ rat rate radiation t 

theta I, n sub , and n gff . a relation expressed with cosCtheta 1) -%ff'%. jb is materialised. Here. n ;jff and a 
refractive index of the .material saver B ere made into for an effective index of light of guided mode. 

> * - 2 \ and ^ + 

Light emitt c at eta 2 sia 2) =n ^ h~%a? Xi ^mc- 4 ~. % o e side peaks 

A of drawing 8 (a). Light of subs- rate radiation mode b emitted from the sight - emitting surface C through the 
material layer S. and since thickness of a field of a oath of sight of substrate radiation mods becomes large 
according to thickness of the materiai layer 8. it is usually in the range of hundreds of [ several to j 
micrometers. 

agree t of guided roce o r a co c 

shows a monophase far field pattern is emitted from the light-emitting surface 0 or a range horn a p type clad 
layer to a n type clad layer. On the other hand, substrate radiation mode which forms the side peeks A (refer to 

on the light-emitting surface C through th 
substrat ! a fa' held oatte- 

semiconductor laser element which shows a monophasic far field pattern, a~ \ > ^ go t ^\:iv^:c 

cover light of substrate radiation mode emitted from the materiai layer 8 In the sight-emitting surtaoe G With a 
light shielding - 

[001 7]Io achieve the above objects, a semiconductor laser element (hence * > % . " 

ar i i bo\ tloned knowledge, In a. semiconductor laser element which has on a substrate 

optical waveguide structure and s a -mated structure of a compound semiconductor layer provided under- 
optical waveguide structure, the end face of a laminated structure by the s«de of * 
:h jractarized s e film which doe g sn waveh 

a semiconductor laser element. 

[001 8]Sultably. a board edge side by the side of an emitting end surface is further covered by an opaque, film 
which does not penetrate light of an oscillation wavelength of a semiconductor laser element 
f0013]Aboi;t i ist em c o; i oai ,v< vesmide struct ire is directly formed on a substrate. Another sooV.oondnotor 
laser element (henceforth the 2nd Invention) concerning this invention, In a semiconductor laser element which 
has optical waveguide structure on a substrate, a board edge side by the side of an emitting end surface is 
characterized by hem'-- ,o by an opaque film which does not penetrate light of an oscillation wavelength of 

3 semlco 3 v N " t a compound semiconductor layer intervene. 

At" o e or. : oaoue 'I m of the 1st and the 2nd inventio oene* ates is 

samsoo.nduct.ar laser element, there are no restrictions, for example, an ona e - ' . -et v o» 

absorption nature dielectric film which absorbs light in which a sem co ^doctor aser eierne * ght, os 

^o. example " < 
membrane smaller than an oscillation wavelength of a semlcor dor lass stem 
n.ou ,c ^ - - 1 — v. < J < I e m 

er u-Me'em- s > * «» ement emits light. It may be formed by a dielectric 

a It ve designed so > night refle c < e ts light 

[002 OThe end face and a board edge aide of a laminated t suture b the &ia« A er =r? 1 es surface 
replace with an opaque film, and may be covered with an optic formec ^ " -- c , t " ^ 

s optica! wave i t I c ~o * hat so ectb ^ «ded on a s 

v<l w- •> v ^ etuis' 

waveguide structure on a substrate Without making a compound semiconductor layer Intervene, It hue .an optic 
vhi< s at ie I g film eh consists of mate *hich intercepts 

*d£ em bung end surface ss enarae: irked by having ' 

an optic In a gap of mum order. 

0027 Abot h a c s cm si wavegi de structure s est ib ishsd on a substrate via a lam wi s oture ol 

~ h a „*her opjcpI srtfe? - *r, i«? ^ >■{ o*'» - ^ ~ 

>'<s e<t ~~- a^ei element wh eh has on a substrate opt ca * as ejm -< ~ 

laminated structure of a compound semiconductor layer provided under optical waveguide structure, ft has an 
optic which has at leas;, a sghf sniesclng film whicn consists o~ material which Intercepts hght In a psrt of outside. 



and the end face of a laminated structure by the side of an emitting end surface, or the end face and a board 
edge side of a laminated structure Is characterized by haying met a light shielding film of an optic In a gap of 
mum order. 

[0023jOptlcs of the 3rd and the 4th invention are parts usually functionally connected with s semiconductor 
laser element for example, are apertures * spatial niter) etc. in the 3rd and 4th -nv^mdoos by arrsngbg an 
aperture (spatial hiterd It can become equivalent to arranging a light shielding film to an emitting and surface of a 
semiconductor laser element high frequency components of 3 far Held pattern can be reduced, and a smoother 
far dele pattern can be obtained. 
[0024] 

[Ernbodiroe s entlonjWh erenct to an accompanying drawing, the example of an embodiment Is 

given to below e ^ is oesv, es ta 

The exams: , - . \ on .n' an example of emb ent w h applied 

the semiconductor laser element concerning the 1st invention to the GaN system semiconductor laser element 
formed on silicon on sapphire. Drawing J Is a figure showing the composition of the GaN system semiconductor 
laser element of this example of an embodiment, and Is a sectional view equivalent to the section ;n line rd of 

C of ths exsn c % o s s o> '~ 

, v - ^ «— . s ^ ' 0 v ^ k ^ < \ o e o 

direction growth phase 16. and tha n type GaN contact iayer 18. Except fo De ~g i^e ec - e < 

which does not penetrate the oscillation wavelength of the GaN system semiconductor laser element 50, and 

- ~ ^ ftion as tne convent' 0 . 0 \ - - < N < m 

[0025jln this example of an embodiment the silicon on sapphire 12,. the Ga K - m -.- •• ■ - 

10, and the n type QaN contact layer 18, It is a bigger refractive index than the effect < e light o 1 

guided mode, and since it Is a transparent material to the light of an oscillation wavelength, in order to cover the 
;m of substrate raulabon mode, the end face by the side of an emitting end surface is covered by the opaque 

waveguide is not covered by the opaque Rim 52 h orn the n type 

AIGaN clad layer 20. 

[0026lThe opaque film 52 Is laminated on the low reflectance film 3? provides n the emlb ami ecdnoe of the 

>! mtiom v ictc ser element 10. !n this example of an i t ght 

absorption film which lermed membranes by the sputtering technique, for example, the S ess k 

100 nm, is used as the opaque film 52, The light refection flm which cons sts of a - >\ ^ ^ for 

example, made metal, such as a high reflectance film which consists of a multilayer dielectric dim of a SIO ? dim 
TiO ? i\ ,3>xv~depes r, as an epac * 

ufficient. Tl 2 n ty >e formed and the low reflectance film 3? may be laminated on It. The high 

i 2 fce i v 0 sCe oppes to to an emitting end surface from the former. 

[0027]!n this example of an embodiment, the HrH of substrate radiation mode Is covmet hy ;;mng 3 sight 
absorption him as the opa me him 52. Thereby, the GaN system semiconductor laser element 50 can emit the 
light of the guided mode which shows a monophasle far field pattern. 

.002E ' w \ ' m - _ - v* r a i 0 « - ~ - v o mm cm 

applied th* s we se elems xmcs gthe 2nd lave? c - 0 -tc esc 

element formed on the GaN board. Drawing 2 is a figure showing tht aempesltion of b Cd a 
semiconductor laser element of this example of an embodiment, and Is a sec v v v - > v\\ 0- 

m conductor laser eleme N ? v s - 0 0 0 recede t -t 
- o ^ >n c an - 2 k * v 1 me c tv GaN board 42 by the side of an emitting end surface Is provided with the 
same- composition as the conventional GaN system .semi-conductor laser element 40 except for being covered by 
the opaque fim 62 which does not penetrate the oscillation wavelength of the GaN system semiconductor laser 
element 80, and 405-nm light. 

-•- -....1 n ■-■■■>; GaN to 1 42 Is a I * 

of the % guid« v d since It s a transparent materia! t: *~e x - -m . " 

t of trate an mode, the end acs 0 
covered by the opaque film 82. On the other hand, the upper optical waveguide is not cohered b> the opaque 
82 From the - was * da 1 dad rye 2C 

10030"''' e v mlnate h v ! ed. e film 46 pr d e - ceofth 

conventional GaN system semiconductor laser element 40, In this example of an embodiment, the light 
absorption -fib exams: the Si file of 100 nm of thickness s used as the opaque fl 1 62. The T re 
!m lich consists of a metal memcrar e vvh'oh :n coo : 0 - tc th s, mace mctai such as 3 high reflects oe r , 
n > ^ * t fsim ano a T O - » ~ . ?c v Jk 



, - r;3 Sclent. The opaque film 82 / be re? - - fiectsr 

may be laminated o, t - h-gh reflectance film 48 is formed In the rear slsie opposite to an emitting end 
surface from the former. 

[003? Jin this sxamole of an ^ e the light of substrate radiation mode is covered ay using a light 
absorption film as the opaque film 82. Thereby, the GsN system so mlcondueior laser element SO can emit the 
sght of ths cot"" i p stte n 

[0G32]The example of ths th^ee example embodiment of an embodiment 5s an examp.e of the embodiment ■;.! the 

\ o*mm ***** Jed -\.s >\t id m-awmg 3 s« . ev> h~ec i ,v 

of the s example of a > r n - T C \ emlco 

m mi ' " € -cti s e uivaleni the sect - i e I II f v. ng 5 - 

integrated dev so \arpt* o + s" embodiment ss a device orcvfOe' 

laser element 70 and the optic 80 and it is shown in drawing 3. The GaN system semiconductor laser element 70 
prodded with the same composition as the conventional semiconduct -~ s >. v o swing 5 

y g i 4 by the junction doan t »\a 

system sendee ice ' notion-side n the opposite hand, and the semiconductor substrate 74. is 

provided with the photo-diode 78 in parallel with the GaN system semiconductor laser element 70. 

h ' - xampie o an embodiment i wa c sed by the end face of the heat sink 76 ;n tee adhesives layer 
79, and the end race of the GaN board 42 by the side of the emitting end surface of the GaN system 
semcc^^ , * - ~ 1 v *h - 

perpei . c a v - and stands straight in the gap of several micrometers or less. The optic 80 

s oca "e 'sect a! filter) in this example of an embodiment, The nc-nrefiective him 

Tt equips bo , eldir g til n 82 which becomes a field which meets the GaN board 42 of the 

M system semiconductor laser element 70 of one field of the tra 

i or examp e from the Si film of 100 nm of thickness, On the other hand, 
send fan i d? rned on the GaN board 42 of 3aN - emicond ^tor laser 

element 70 faces the nonrefseetive film 84 of the optic 80. 

[0034]ln this example of sn embodiment the light of the guided mode emitted from the GaN system 
semiconductor laser element 70, Since the light .of substrate radiate - «• 3 slvelarg 
film $2 prov dec in the o I c optic 80, the GaN system semiconductor laser element 70 

can emit the light of the abided mode vvhich shows a monophasic far field pattern. 
[0035] 

~zr**r c- 1 - - * * the 1st and 2nd inventions, the semiconductor ^ase* element which shows 

a monophasic good far field pattern is realized by covering the light of substrate radiation mode among the lights 

emitted from a semiconductor laser element, and emitting only the igm - - nm o^.n :r>?ca$ 

waveguide end face. In the 3rd end 4th Inventions, by arranging an ape-Lre 

o , - eg end surface of a w c a, 1 3 >t - ^ ■ . 

frequency oc opened ol fie - atten can be reduced, and a smoother far field pattern can be obtained. 
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DESCRIPTION OF DRAWINGS 



1 Brief Description of ths Drawings] 

[Daw 1 cv v. * squlval lot's sc n line I ~l of dra wing 4 wing the c pos i the 

w- o - =.sos element ol the examole * o 1 l> i^m: 
[Drawng Tit .s a section--. -' ; ow equivalent to the section in Sine IHI of drawing 5 showing the aompcs : tlon of 



the GaN system semiconductor laser element of the example 2 of an embodiment 

'0*00 ? 3 2*\t >S 3 i>S-t ~ a \ i, \ iWCA "W C r I,C~0 s 5t01 cf S S "S T* "3 rO^mcmo OO 0. -r 0 N 0- J >> V" 0>v Cs-*> 

system semiconductor laser dement of the example 3 cf an embodiment 

[Drawing «j!t is a sectional view showing the composition of the conventional GaN system semiconductor laser 
element 

[Dpaw|M.5]ft is a sectional yiaw showing the composition of another conventional GaN system semiconductor 
laser element 

f - s « wise di echorwng ar held i 

perpendicularly to an sctivs layer) of a laser beam and a tram, • - , ~v , - >. m :. o > g o m 

si ows - - f guld } shows the op 

f af held parte ; Nation rt dcs 

g i e ensity dlstrib on of the eien - o 
he film constitution iser 8 smerrt did the Ight of guided m de 

. m< > ~ - < t -alated with the film constitution of a semiconductor laser element 
<-< and toe I ght of s ibstra 

? - — " 

[Description of Notations] 

0 I ~>e s.c< > 5 doctor laser element, i 2 5 .... A JaN 
transverse direct on mw-vtl chase 18 ..... A n type GaN contact layer, 20 

1st light guide no 24 which consist of a type GaN .... InGaN aciivs em 2 don preventlos 

layer of p type AIGaN, 2S .... The 2nd light guide layer that consssts of p type InGaN. C - z ><p m'GaN ad 
layer. 32 .... P tyos GaN cootast layer, 34 .... A 3i0 2 film, 38 .... p lateral electrode, 37 ... Low reflectance film, 

> * \ 108 Hi T 40 A < 

semiconductor laser element 42 .... A n type GaN board 44 .... n latera * <- <r ^ v 
ro .... A quantity reflectance him, 50 .. .. The GaN system semiconductor laser element of the example 1 of an 
embodiment, 52 .... An opaque ■film, 80 .... The GaN system semiconductor >a„v> elem the e ?m e . oi s 
, r, t v- *v ,,c ' ' a ^ " " 

adhesiyes layer, 80 / .... An optic, 82 / A light shielding film. 84 / A noneffective film, 88 / .... 

>t * * >r~ 70 GcN - r N > < 

% of an embodiment, 72 .... An optical integrated device, 74 
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[Drawing 1] 




24 InOeNJg&i 

32 p&GaNaV** M 
38 

37 filllW 
39 X£44*tt 

52 mmm 



[Drawing 2] 
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[Drawing 3j 
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[Drawing 7] 
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[DrawjM.6] 
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